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GASSER COMPOSITION & METHOD OF GASSING 



This invention relates to gassing compositions 
and a method for the preparation of gassed water- in-oil 
emulsion explosives compositions. 



Emulsion explosives compositions are well known 



in the explosives industry. The water-in-oil exmilsion 
explosive compositions now in common use were first 
disclosed in U.S. Patent no. 3,447,978 (Bluhm) and comprise 
as components : 



(a) a discontinuous aqueous phase comprising 
discrete droplets of an aqueous solution of 
inorganic oxygen- re leasing salts: 

(b) a continuous water-iimaiscible organic phase 
throughout which the droplets are dispersed; 

(c) axi emulsifier which forms an emulsion of the 
droplets of oxidiser salt solution throughout the 
continuous organic phase; and optionally 

(d) a discontinuous gaseous phase and/or closed 
cell void material . 

Emulsion explosives compositions are often 



blended with a solid particulate oxidiser salt such as 
ammonitim nitrate (AN) prills or particles, which may be 
coated with or contain fuel oil (FO) to form a low cost 
explosive of excellent blasting performance. Such 
compositions are described in Australian Patent Application 
no. 29408/70 (Butterworth) smd U.S. Patent no.s 3,161,551 
(Egly et al) , 4,111,727 (Clay), 4,181,546 (Clay) and 
4,357,184 (Binet et al) . 



In water-in-oil emulsion explosives compositions, 
emulsif iers are used to deer ase interfacial tension 
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between th agtueous and oil phases. Mol cules of the 
emulsifier locate at tlie interface between the aqueous 
droplet and continuous hydrocarbon phase. The emulsifier 
molecules are oriented with the hydrophilic headgroup in 
the aqueous droplet and the lipophilic tail in the 
continuous hydrocarbon phase. Xnulsifiers stabilise the 
emulsionr inhibiting coalescence of the aqueous droplets 
and phase separation. The emulsifier also inhibits 
crystallisation of the oxidiser salt within the droplets 
which crystallisation can lead to emulsion breaJcdown anu 
reduction in detonation sensitivity of the emulsion 
explosive composition. 

A variety of emulsifier types and blends are 
)cnown in the art. For example Australian Patent no. 
40006/85 (Cooper & BaJcer) discloses water-in-oil emulsion 
explosive compositions which contain a conductivity 
modifier which may also act as an emulsifier. Included 
among such conductivity modifiers are condensation products 
of poly(al)t(en)yll succinic anhydride (PiBSA) with amines 
such as ethylene diamine, diethylene triamine and 
ethanolamine . 

Such conductivity modif iers/emulsif iers enable 
the preparation of particularly stable emulsions which are 
suitable for blending with solid particulate oxidiser salts 
such as ammonixun nitrate (AN) or ammonium nitrate and fuel 
oil blends (AN70) . The stability of emulsion explosives 
compositions prepared using such poly [alk(en)yl] succinic 
anhydride derivatives as conductivity modif iers/emulsif iers 
enables the preparation of \msensitised emulsion phase (SP) 
compositions at a dedicated plant under controlled 
conditions and transport of that BP to the mine site for 
senaitisation and use. 

In general water-in-oil or melt-in-oil emulsion 
cannot be detonated unless they are sensitised. 
Sensitising may be carried out by mixing the emulsion with 
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a high explosive such as trinitrotoluene or nitroglycerine 
or by incorporating small voids into the emulsion which act 
as hot spots in the detonation. The latter is the 
preferred method for sensitising a water-in-oil or melt-in- 
oil emulsion explosive composition. 

The most common methods currently used to 
incorporate voids and sensitise a water-in-oil emulsion 
composition or emulsion/AN/ANFO blend include in situ 
gassing using cheiaical agents, the incorporation of closed 
cell void mat3rial such as microballoons or a mixture of 
both . 

Suitable chemicals for the in situ generation of 
gas bubbles suitable for use in water-in-oil emulsion 
explosives include peroxides such as hydrogen peroxide, 
nitrite salts such as sodium nitrite, nitrosamines such as 
N,N' -dinitrosopentamethylenetetramine, alkali metal 
borohydrides such as sodium borohydride and bases such as 
carbonates including sodium carbonate. 

Perhaps the most widely used chemicals for the in 
situ generation of gas bubbles are nitrous acid and its 
salts which react \mder conditions of acid pH to produce 
nitrogen gas bubbles. Accelerators such as thiocyanate 
salts, iodides, sulphamic acid or its salts or thiourea may 
be used to accelerate the reaction of a nitrite gassing 
agent • The accelerator may also be consumed in the 
reaction* 

One of the problems with this commonly used 
gasser system of the prior art is that nitroso species 
generated during the gassing reaction may react with 
functional moieties on the headgroup of the emulsifier. 
Functional moi ties on the emulsifier headgroup such 'as 
certain primary and secondary sunin s, cimides, carboxylic 
acids, esters and anhydrides are particularly vulnerable to 
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attack by nitroso apecias . Raactlon by nitroso mpmciBS 
wltb tba moieties of the beadgxoup causes cbamical changes 
in the eaulsifier which may have a deleterious effect on 
the emulsifying capability of the eaulsifier. As a result 
5 the interfacial tension of the droplets of the 

discontinuous aqueous phase may decrease, causing 
crystallisation of the of oxidiser salt within the aqueous 
phase droplets and degradation of the emulsion, possibly 
even to the point breakdown of the emulsion into separate 
10 acjueous and oil phases. 

The problem of eaulsifier reaction with gassing 

« 

agents is referred to in Australian Patent Application no. 
AU-A-775e9/94 . AU-A-77589/94 relates to chemical gassing 
using sodium nitrite and teaches that "The commonly used 
chemical gassing reaction can thus not be used to gas the 
known PiBSA-based explosive emulsions". In effect, this 
may lead to the need for different BP'S to be used for 
gassed and ungassed products comprising emulsion explosives 
compositions and preclude the use of PiBSA derivative 
eaulsifiers in nitrite gassed emulsion explosives 
compositions and hence the emulsion stability advantages 
provided by such emculsif iers • 

Another problem associated with gassing agents, 
including nitrite gassing agents of the prior art is the 
difficulty of evenly distributing the gassing agent 
throughout the emulsion. International Patent Application 
WO-a9/ 02881 attempts to address this problem by mixing into 
the main body of emulsion, a nitrite gassing agent which is 
also in the form of an emulsion. 

30 One of the drawbacks of using an emulsion gassing 

agent is that the emulsion gassing agent dilutes both the 
aqueous and oil phases of the main body of emulsion, ' 
reducing the blasting power of the emulsion explosive 
formed. 
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One of the other problems associated with the 
passing* methods and gasser compositions of the prior art is 
that they had to be added in extremely high proportions to 
reduce emulsion density to very low densities such as, 
below 1 g/cc. The presence of extremely high proportion of 
passer compositions often adversely affected emulsion 
stability due to dilution of the continuous or 
discontinuous phase of the emulsion* If either or both of 
these phases are overly diluted, there may not be 
sufficient emulsifier present to maintain an emulsion 
structure , 



The present applicants have now found a new 
g'asser solution £uid method of gassing an emulsion which 
reduces or eliminates the problem of emulsion breakdown 
experienced using nitrite as the chemical gassing agent. 
The invention further provides advantages in the 
preparation of sensitised emulsion explosives compositions 
in that it enables one emulsion to be used for the 
preparation of sensitised emulsion explosives conqpositions 
regardless of whether they are sensitised using a nitrite 
chemical gassing agent or using other sensitising means. 
The gasser solution cind method of gassing are particularly 
effective in is^roving the stability of emulsifiers in 
emulsion explosives compositions which coxnprise emulsifiers 
which have headgroups which are vulnerable to attack by 
nitroso species, such as PiBSA based emulsifiers. 



Accordingly the present invention provides a 
gassed emulsion explosive composition con^rising an 
emulsion, excluding micro-emulsions, in combination with a 
gasser composition; 

the emulsion having a discontinuous aqueous phase 
comprising inorganic oxygen releasing salts, a continuous 
water imiscible orgamic phase and an emulsifier having a 
functional moiety which is vulnerable to chemical attack by 
nitros^ species, and 

9 : 



the gasser composition having a solution of an 
inorganic nitrite, an ammonixim species and optionally an 
accelerator. 



wherein the reaction between the inorganic nitrite and 
ammonium species occurs within droplets of the gasser 
solution such that there is substantially no chemical 
attack on the emulsifier. 

The present invention also provides a method of 
forming the aforementioned gassed emulsion explosives 
composition wherein the method of gassing an emulsion 
comprises the steps of: 

(a) forming a gasser solution comprising a 
solution of an inorganic nitrite, em ammonivim species and 
optionally an accelerator, 

(b) adding the gasser solution to an emulsion 
and mixing such that droplets of gasser composition are 
distributed throughout the emulsion, and 

(c) allowing the gasser solution to react and 
form gas which is distributed as btibbles throughout the 
emulsion to form the gassed emulsion explosive composition. 

Where used herein the term emulsion may refer to 
a water-in-oil or melt-in-oil emulsion which is 
unsensitised or partially sensitised and which is suitable 
as a component of an emulsion explosive composition. 

The emulsion explosives composition which is 
gassed by the method of the current invention may be 
\insensitised or be partially sensitised by any means known 
in t!ie art. For example the emulsion explosive composition 
may comprise glass or plastic microbal loons . As such, the 
gass r solution and method of th curr nt invention may be 
the sole source of sensitising gas bxibbles for an emulsion 
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explosives composition or may be used in conjunction with 
other gasser solutions or other gasser compositions and 
gassing methods. In addition, closed cell void material 
such as glass or plastic microballoons may be used to 
5 further sensitise the emulsion explosives composition prior 
to or after gassing by the method of the current invention. 

Without wishing to be bound by theory^ it is 
believed that the gasser solution forms droplets within the 
10 emulsion explosives composition and in the presence of the 
acidic emulsion explosives composition the inorganic 
nitrite and ammonixim species react within the droplets of 
the gasser solution to form gas bubbles and provide the 
gassed emulsion explosives composition. 



• ' fOO ( C f 
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It is preferrad that the ratio of inorgazLic 
nitrite to aaBaonium species is between 10:1 and 1:10. It 
is particularly preferred that the molar proportion of 
5 aamonium species present in the gasser solution is up to 

10% greater than the molar proportion of inorganic nitrite 
so that all of the nitrite is consiuned hy reaction with the 
aamonium species within the gasser solution droplet. More 
preferably the ammonium species and inorganic nitrite are 
10 present in equimolar Quantities. 

The ammonium species of the gasser solution of 
the current invention may be any suitable amnonium species 
known to those skilled in the art such as ammonia, primary 
or secondary amines and the salts thereof. Preferred 
15 ammonium species include ammonium salts such as ammonium 
chloride, ammonium nitrate, asimonium chlorate, ammonium 
perchlorate, ammonium thiocyanate and combinations thereof. 
The ammonium species may be formed in situ in the droplet 
of ^ABM^r solution, for example by the reaction of ammonia 
20 or a primary or secondary amine with a mineral acid or 

organic acid. The ammonium species may typically comprise 
up to 25 wt% of the gasser solution. 

The inorganic nitrite of the Q^mmmr solution of 
the current invention may be any suitable nitrite salt 
25 known to those skilled in the art such as an alkaline earth 
nitrite, alkali metal nitrite or combinations thereof. In 
a particularly preferred embodiment the inorganic nitrite 
is sodium nitrite. Preferably the inorganic nitrite 
comprises up to 25 wt% of the gasser solution. 

30 The accelerator may be any suitable accelerator 

known to those skilled in the art such as thiourea, urea, 
thiocyanate, iodide, cyanate, acetate or the like and 
combinations thereof. The proportion of accelerator in the 
gasser composition may be influenced by th solubility of 
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thie accelerator but may commonly comprise up to 25 wt^ of 
the gasser composition- In a particularly preferred 
embodiment the gasser composition comprises up to 3 wt% of 
thiourea or thiocyanate as accelerator. 

5 

The reaction between the nitrite species and 
ammonium species is pH dependent, being faster in acid 
conditions than in basic conditions . If the pH is too low, 
the gasser solution tends to self-gas so <3uickly that the 
10 gassing reaction and gas production may be close to 

complete before the composition can be mixed into the 
emulsion. Conversely if the pH is too high, the gassing 

„ reaction may proceed too slowly. The pH of the gasser 

Q 

^ solution is preferably between pH 5 and 9, more preferably 

15 between pH 6 and 8 and most preferably relatively close to 

^ neutral . 



4= 
^3 



■=4 



The emulsion may also be buffered, preferably to 
a pH between pH 5 and 9 . 



P 
W 

20 The gasser solution may comprise any suitable 

solvent but water is the preferred solvent. Other optional 
additives may also be present. 

As indicated, cJDove, the inorgauiic nitrite and 
aumnonixim species should be mixed together in solution to 
25 form the gasser solution of the present invention. 

Separate addition of the inorganic nitrite euad the ammoniiim 
species directly to the emulsion explosives composition 
does not provide the advantages of the invention which lie 
in efficient gassing rates and the reduction of elimination 
30 of the problem of emulsion breakdown experienced using 
nitrite as the chemical gassing agent. 



The gassing method and gasser solution of the 
current invention provide a means for reducing emulsion 
density well below 1.0 g/cc. It should be noted that 
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reduction of amulBion density below 1.0 9/cc was not 
readily achievable using tbe aassing methods and gasser 
solutions and a^ser compositions of the prior art. Ttim 
high proportion of prior art gasser solutions and gasser 
conposition wtiicb needed to be added to the emilsion to 
obtain low density tended to promote emulsion breakdown and 
phase separation. Using the gassing method and gasser 
solution of the current invention relatively high 
proportions of gasser solution can be added to the 
emulsion, sufficient to reduce the emulsion density well 
below 1.0 g/cc without significant adverse effects on 
emulsion stability. 

It should be noted that once the gasser solution 
is formed by mixing together an inorganic nitrite, ammonium . 
species and accelerator, slow reaction and concomitant gas 
production may occur. This is of no conseouence in 
situations where the gasser solution is made up and Quickly 
thereafter mixed with an emulsion to form an emulsion 
explosive composition. However if the gasser solution is 
stored for a relatively long period such as a matter of 
hours or days, much of the gas product may be lost before 
the gasser solution can be mixed into the emulsion. Xn 
order to overcome this storage problem the inorganic 
nitrite, ammonium species and accelerator may be stored 
separately in solid or solution form and mixed to form the 
gasser solution immediately prior to addition to the 
emulsion. An accelerator may be stored separately or with 
either the inorganic nitrite and/or the ammonium species. 

Therefore the present invention also envisages 
and includes mixing of the inorganic nitrite and the 
ammonium species to form the gasser solution of the present 
invention immediately before addition to the emulsion or 
during actual addition to the emulsion. 
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Suitable oxygen releasing salts for use in tlie 
emulsion of the present invention include the alkali and 
alkaline earth metal nitrates, chlorates and perchlorates , 
ammonium nitrate, ammonixim chlorate, ammoniiim perchlorate, 
5 and mixtures thereof. The preferred oxygen releasing salt 
include ammonium nitrate, sodium nitrate and calcium 
nitrate. More preferably the oxygen releasing salt 
comprises ammonium nitrate or a mixture of ammonixim nitrate 
and sodium or calcium nitrates. 

10 Typically, the oxygen releasing salt component of 

the compositions of the present invention comprise from 45 
to 95 wt^ and preferably from 60 to 9 0 wt% of the total 
emulsion composition. In compositions wherein the oxygen 
releasing salt comprises a mixture of ammonium nitrate and 
15 sodi\im nitrate the preferred composition range for such a 

blend is from 5 to 80 parts of sodium nitrate for every 100 
parts of aumaonitim nitrate. Therefore, in the preferred 
composition the oxygen releasing salt component comprises 
from 45 to 90 wt% (of the total emulsion composition), 
U 2 0 ammonitim nitrate or mixtures of from 0 to 40 wt%, sodium or 
calci\im nitrates and from 50 to 90 wt% ammonium nitrate. 



Typically the cimount of water employed in the 
emulsion compositions of the present invention is in the 
range of from 0 to 30 wt% of the total emulsion 
25 composition. Preferably the amount employed is from 4 to 
25 wt% and more preferadDly from 6 to 20 wt%. 

The water immiscible orgauaic phase of the 
emulsion' composition of the present invention comprises the 
continuous "oil" phase of the emulsion composition and is 
3 0 the fuel. Suitable organic fuels include aliphatic, 

alicyclic ajid aromatic compounds and mixtures thereof which 
are in the li<3uid state at the formulation temperatuire . 
Suitable organic fuels may be chosen from fuel oil, diesel 
oil, distillate, furnace oil, kerosene, naphtha, waxes such 
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aa microcrystallina wax, paraffin wax and slack wax, 
paraffin oils benzane, toluene, xylenes, asphaltic 
aateriala, polymeric oils such as the low molecular weight 
polymers of defines, animal oils, fish oils and other 
mineral, hydrocarbon or fatty oils, and mixtures thereof. 
Preferred organic fuels are licpiid hydrocarbons generally 
referred to as petrolexim distillates such as gasoline, 
kerosene, fuel oils and paraffin oils. 

Typically the organic fuel or continuous phase of 
the emulsion explosive composition comprises from 2 to 15 
wt% and preferably 3 to 10 wt% of the total composition. 
As indicated, the gasser solution of the present invention 
provides advantages relating to stability of the emulsifier 
and avoiding the problems of the prior art relating to 
emulsion breakdown which can be experienced where 
emulsif iers are vulnerable to attack by nitroso species 
formed when nitrite gassing agents are used to gas emulsion 
explosives compositions. The gasser solution of the^ 
current invention is suitable for use with a variety of 
_emu l a i f ier s having headgroups comprising functional 
moieties such as primes^ 

carboxylic acids, esters and anhydrides^ and other groups 
%^iich may be vulnerable to attack by nitroso species. These 
may include for example, poly (oxyalkylene) fatty acid 
esters, amine alkoxylates, fatty acid esters of sorbitol 
and glycerol, fatty acid salts, sorbitan esters, 
poly (oxyalkylene) sorbitan esters, fatty amine alkoxylates, 
poly (oxyalkylene) glycol esters, fatty acid amines, fatty 
acid aiaide alkoxylates, fatty amines, (xuatemary amines, 
alkyloxazolines , alkenyloxazolines , imidazolines , 
alkylsulphonates, alkylarylsulphonates, 
alkylsulphosuccinates , alkylarylsulphonates , 
alkylsulphosuccinates , alkylphosphates , alkenylphosphates , 
phosphate esters, and poly (12 -hydroxys tear ic) acid, and 
mixtures thereof . 
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Amongst the preferred emulsifiers are the generic 
, feLinily of poly [alk (en)yl] succinic anhydride based 

emulsifiers, and particularly polyisobutylene succinic 
anhydride (PiBSA) based emulsifiers, produced by reaction 
5 with amines such as alkanolamines and the like. Where 

used, particularly preferred additional emulsifiers include 
sorbitan esters such as sorbitan mon-oleate. 



Typically the emulsifier of the water-in-oil of 
the emulsion comprises up to 5 wt% of the emulsion. Higher 
10 proportions of the emulsifying agent may be used and may 
serve as supplemental fuel for the composition but in 
general it is not necessary to add more than 5 wt% of 
y emulsifying agent to achieve the desired effect. Stable 

emulsions can be formed using relatively low levels of 
y 15 emulsifier and for reasons of economy it is preferable to 
keep the amount of emulsifying agent used to the minixim 
re<iuired to form the emulsion. The preferred level of 
emulsifying agent used is in the ramge of from 0.1 to 2.0 



a 



O wt% of the emulsion. 



^^20 If desired, other optional fuel materials, 

hereinafter referred to as secondary fuels, may be 
incorporated in to the emulsion composition in addition to 
the water immiscible orgajiic fuel phase . Exaunples of such 
secondary fuels include finely divided solids and water 
25 miscible organic liquids which ceui be used to partially 

replace water as a solvent for the oxygen releasing salts 
or to extend the aqueous solvent for the oxygen releasing 
salts. Examples of solid secondary fuels include finely 
divided materials such as sulphur, aluminiiim and 
3 0 carbonaceous materials such as gilsonite, comminuted coke 
or charcoal, carbon black, resin acids such as abietic 
acid, sugars such as glucose or dextrose and vegetable 
products such as starch, nut meal, grain meal and wood 
pulp. Exampl s of water miscible organic liquids include 
3 5 alcohols such as methemol, glycols such as ethylene glycol. 
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amidtts auch as £onnaBd.d6 and urea and amines sucli as 
metliylamine . 

Typically tlim optional secondary fuel component 
o£ tlie coi^position of the present invention comprises from 
0 to 30 wt% of tlie total composition. 

It lies within the invention that there may also 
be incorporated into the emulsion composition other 
stibstances or mixtures of substances which are oxygen 
releasina salts or which are themselves suitable as 
explosive SLaterials. For exas^le the emulsion may be mixed 
with prilled or particulate amoionium nitrate before or 
after the emulsion has been gassed. 

Other optional additives may also be added to the 
emulsion explosive compositions hereinbefore described 
including thickening agents and thickener crossl inking 
agents such as zinc chromate or a dichromate either as a 
separate entity or as a component of a conventional redox 
system such as for example, a mixture of potassium 
dichromate and potassium antimony tartrate. 

The emulsion composition may be prepared by a 
number of methods . One preferred method of manufacture 
includes : dissolving said oxygen releasing salts in water 
at a temperature above the fudge point of the salt 
solution, preferably at a temperature in the range from 20 
to llO^C to give an aqueous salt solution; combining am 
aqrueous salt solution, a water immiscible organic phase, 
and an emulsif ier with rapid mixing to form a water-in-oil 
emulsion; and mixing until the emulsion is \miform. 

The invention is now demonstrated by but in no 
way limited to the following Examples . In Bxamples 1 to 24 
various gasser compositions were mixed into a standard 
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emulsion and the performance of the gasser composition was 
monitored. 

The components of the gasser compositions used 
are recorded in Table 1 . 

5 Example 1 

Preparation of a PiBSA Based Water-in-Oil Emulsion 
A water-in-oil emulsion of the following 
composition was prepared; 

Oxidiser solution - 91 wt% comprising 

10 ammoniiim nitrate (78.9 wt%) 

water (20.7 wt%) 
buffer (0,4 wt%) 
^ Fuel phase - 9 wt% comprising a 

hydrocarbon oil/emulsif ier 

iiJ 

S 15 mxx. 



The emulsif ier was a condensation product of an 
ethanolamine and poly ( isobutylene) succinic anhydride, 
^ The emulsion was prepared by dissolving ammonium nitrate in 

pj the water at elevated temperature OS^C) then adjusting the 

20 Ph of the oxidiser solution so formed to 4.2. The fuel 
U phase was then prepared by melting the microcrystalline wax 

and mixing it with the hydrocarbon oil/emulsif ier mix. The 
fuel phase was then added in a slow stream to the oxidiser 
solution at 98^C with rapid stirring to form a homogeneous 
25 water-in-oil emulsion. 



Preparation of the Gasser Composition 

A neutral pH gasser coxiqposition was prepared by 
dissolving thiourea, sodium nitrite and aramonium nitrate in 
water. The gasser composition had the following 
3 0 composition; 

thiourea 3 . 0 wt% 

sodium nitrite 6 . 9 wt% 

( 

axmnonium nitrate 8 . 0 wt% 

water 82 . 1 wt% 



wo 97/24299 



PCT/AU96/t)0g39 



- 16 - 

The mole ratio of aodiuai nitrit to aiBmonluin 
nitrite was 1.1. When the components were added together, 
small bubbles ffradually appeared in the qmbbt composition, 
indicating slow self -gassing . 

The water-in-oll eaoilsion was kept at a 
temperature of 55-60^C as 0.4 wt% of gasser composition was 
stirred into the emulsion over a 30 second period. After 
mixing the gasser composition with the emulsion a short 
induction time followed before reasonably rapid gassing of 
the emulsion was observed. After 20 minutes, a sample of 
the emulsion was viewed by microscope. Mo evidence of 
emulsion breakdown was observed. Microscopic examination 
of samples of the gassed emulsion held in storage at 
ambient temperature for a further 3 weeks showed no 
evidence of emulsion breakdown or crystallisation. 

The final density of the gassed water-in-oil 
emulsion was 1.09 g/cc as compared with 1.4 g/cc for the 
ungassed water-in-oil emulsion. 

Example 2 

The water- in-oil emulsion of Example 1 was mixed 
with a gasser composition %diich was the same as the gasser 
composition of Example 1 except that the ammonium nitrate 
was replaced with ammonium sulphate. The gasser 
composition had the following composition; 

thiourea 3 . 0 wt% 

sodium nitrite 6 . 9 wt% 

ammonium sulphate 9 . S wt% 

water 80.3 wt% 

The mole ratio of sodium nitrite to ammonium sulphate was 
maintained at 1:1. The gassed water*in-oil emulsion 
explosives formulation produced was almost 
indistinguishable from that of Example 1 and after 3 'days 
there was no evidence of emulsion breakdown or 
crystallisati n. 
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Examplef 3 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
composition of Exaimple 1 except that the ammonium nitrate 
was replaced with ammonium perchlorate. The gasser 
composition had the following composition; 

thiourea 3 . 0 wt% 

sodium nitrite 6 . 9 wt,% 

eunmonium perchlorate 11-4 wt% 

water 78*7 wt^ 

The mole ratio of sodium nitrite to ammonium perchlorate 
was maintained at 1:1. The gassed water-in-oil emulsion 
explosives formulation produced was almost 

indistinguishable from that of Example 1 and after 3 days 
there was no evidence of emulsion breakdown or 
crystallisation. 

Example 4 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
composition of Exauaple 1 except that the ammonium nitrate 
was replaced with cin equimolar mixture of eumnonium nitrate 
and ammonium perchlorate. The gasser composition had the 
following composition; 

thiourea 3.0 wt% 

sodium nitrite 6.9 wt% 

ammonixua nitrate/ 

ammonium perchlorate 9 . 8 wt% 

water 80.3 wt% 

The mole ratio of sodium nitrite to ammonium cations was 
maintained at 1:1. The gassed water-in-oil emulsion 
explosives formulation produced was almost 
indistinguishable from that of Example 1 and after 3 days 
there was no evidence of emulsion breakdown or 
crystallisation. 
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Examples 1 to 4 illus&rat tliat clianai&9 
anmionium species of the Qa^mmmx composition betvrees aamoniun 
nitrate, aamioniusi sulphate and aamonitxA perchlorate does 
not affect the efficacy of the gasser composition. 

Example 5 

The water- in-oil emulsion of Example 1 was mixed 
with a passer composition which was the same as the gasser 
composition of Example 1 except that no accelerator was 
used. The mole ratio of soditxm nitrite to ammonium nitrate 
was maintained at 1:1. 

There was little evidence of self gassing of the 
gasser conc>08ition prior to its addition to the water-in- 
oil emulsion composition and when the gasser composition 
was mixed with the water-in-oil emulsion the rate of gas 
formation was less than half that of the rate observed for 
Example 1. The gassed water-in-oil emulsion explosives 
formulation produced was almost indistinguishable from that 
of Example 1 and after 3 days there was no evidence of 
emulsion breakdown or crystallisation. 

Example 6 

The water-in-oil emulsion of Bxaiqple 1 was mixed 
with a QMBmx composition which was the same as the gasser 
composition of Example 2 except that no accelerator was 
used. The mole ratio of sodium nitrite to ammonium 
sulphate was maintained at 1:1. There was no evidence of 
self gassing of the gasser composition prior to its 
addition to the water-in-oil emulsion composition and ti^n 
the gasser composition was mixed with the water-in-oil 
emulsion the rate of gas formation was less than half that 
of the rate observed for Example 2. 

The gassed water-in-oil exmilsion explosive^ 
formulation produced was almost indistinguishable from that 
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of Exaiiple 1 or 2 and after 3 days tiiere was no evidence of 
emulsion breakdown or crystallisation. 

Example 7 

The water- in-oil emulsion of Example 1 was mixed 
) with a gasser composition which was the same as the gasser 
composition of Exaux^le 1 except that ein acetic acid/acetate 
buffer had been used to achieve a gasser composition pH of 
5.5. The mole ratio of sodium nitrite to ammonitim nitrate 
was maintained at 1:1. Immediately the gasser composition 
) components were mixed there was a great deal of gas bubble 
formation within the gasser composition. Most of the 
gassing reaction had finished before the gasser composition 
could be mixed with water- in-oil emulsion. 

The water-in-oil emulsion explosives formulation 
) produced gassed unevenly and the extent of gassing was not 
as great as that exhibited in Example 1. The density of 
the gassed emulsion was 1.3 g/cc as compared with 1.4 g/cc 
for the Tingassed emulsion. 

Example 8 

D The water-in-oil emulsion of Example 1 was mixed 

with a gasser composition which was the same as the gasser 
con^osition of Example 1 except that an acetic acid/acetate 
buffer was used to achieve a gasser composition pH of 6.5. 
The mole ratio of sodium nitrite to ammoniTim nitrate was 

5 maintained at 1:1. Within 1 minute of mixing together the 
components of the gasser composition vigorous bubble 
evolution conmienced. The gasser composition was then mixed 
with the water-in-roil emulsion. 

The gassed water-in-oil emulsion explosives 

0 formulation produced was almost indistinguishable from that 
of Example 1 and after 3 days there was no evidence of 
emulsion breakdown or crystallisation. 



Example 9 
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The wat«r-in-oil •srulsion of Example 1 was nilxad 
wit.li a gas Bar composition whicli was the same as the gasser 
composition of Example 1 except that sodium hydroxide was 
added to achieve a gasser composition pH of 7.1. The mole 
ratio of sodium nitrite to ammonium nitrate was maintained 
at 1:1. Very slow bubble formation was observed for up to 
5 minutes after mixing the gasser composition components. 
The gasser composition was then mixed with the water* in-oil 
emulsion. 

The gassed water-in-oil emulsion explosives 
formulation produced was almost indistinguishable from that 
of Example 1 and after 3 days there was no evidence of 
emulsion breakdown or crystallisation. 

Bxanole 10 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
cosmos it ion of Example 1 except that sodium carbonate was 
used to achieve a gasser composition pH of 7.8. The mole 
ratio of sodium nitrite to ammonium nitrate was maintained 
at 1:1. After mixing together the gasser composition 
components, no gas bubble formation was observed for 12 
minutes. In the following 2 hours only small bubbles were 
observed. A sample of freshly mixed gasser composition 
mixed with the water-in-oil emulsion gave a product which 
was almost indistinguishable from that of example 1 and 
after 3 days there was no evidence of emulsion breakdown or 
crystallisation. 

Example 11 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
composition of Example 1 except that an acetic acid/acetate 
buffer had been used to achieve a gasser composition pH of 
8.2. The mole ratio of sodium nitrite to ammonium nitrate 
was maintained at 1:1. A small amount of self -gassing of 
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the gasder composition was observed for 24 hours after the 
gasser composition components were mixed together. 

A gassed water-in-oil emulsion produced using a 
freshly mixed sample of the gasser composition took several 
days to gas fully however the emulsion produced was 
extremely storage stable and 3 weeks after gassing had been 
completed there was no evidence of emulsion breakdown or 
crystallisation. 

Example 1 and Examples 7 to 11 show the effect on 
the gasser composition of maintaining the seoae composition 
but changing the pH. The reaction between the nitrite 
species and ammonium species is known to be pH dependent, 
being faster in acid conditions than in basic conditions. 
If the pH is too low, the gasser composition self-gasses so 
quickly that the reaction may be close to complete before 
the composition can be mixed into the water-in-oil 
emulsion. Conversely if the pH is too high, the gassing 
reaction may proceed too slowly. The optimal reinge for pH 
of the gasser composition lies between about pH 6 and pH 8 . 

Example 12 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
composition of Example 1 except that solvent was 50:50 
ethanol : water instead of just water. The mole ratio of 
sodium nitrite to ammonium sulphate was maintained at 1:1. 

The gassed water-in-oil emulsion explosives 
formulation produced was almost indistinguishable from that 
of Example 1 and after 3 days there was no evidence of 
emulsion breakdown or crystallisation. 

Example 13 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
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compos icion of Sxaaple 1 axcapt eiiat solv nt: %#aa 50:50 
metliaxiol : water inataad of just water. The mole ratio of 
sodium nitrite to afflmoniua sulphate was maintained at 1:1. 



The gassed water-in-oil emulsion explosives 
formulation produced was almost indistinguishable from that 
of Kxample 1 and after 3 days there was no evidence of 
emulsion breakdown or crystallisation. 

Examples 1^ 12 and 13 illustrate that changing 
the solvent of the gasser composition from water to ethanol 
or methanol does little to change the efficacy of the 
gasser composition. 

Example 14 

The water-in-oil emulsion of Example 1 %ms mixed 
with a gasser composition which was the same as the gasser 
composition of Example 1 except that the sodium nitrite was 
replaced with potassium nitrite. The gasser composition 
had the following composition; 

thiourea 3 • 0 wt% 

potassium nitrite 8.5 ^% 

aunmonium nitrate 6.0 wt% 

water 80-5 wt% 

The mole ratio of nitrite anion to axmnonium cation was 
maintained at 1:1. The gassed water-in-oil emulsion 
explosives formulation produced was almost 
indistinguishable from that of Example 1 and after 3 days 
there was no evidence of emulsion breakdown or 
crystallisation. 



Example 15 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
composition of Bxai^ple 1 except that the sodium nitrite was 
replaced with magnesium nitrite. The gasser composition had 
the following comp sition; 
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thiourea 3.0 wt^ 

magnesium nitrite 11.6 wt% 

ammonium nitrate 8 . 0 wt% 

water 77.4 wt% 

The mole ratio of nitrite ainion to ammonium cation was 
maintained at 1:1. The gassed water-in-oil emulsion 
explosives formulation produced was almost 

indistinguisheO^le from that of Example 1 and after 3 days 
there was no evidence of emulsion breakdown or 
crvstallisation. 

Examples 1, 14 and 15 illustrate that the gasser 
composition of the present performs equally well 
irrespective of whether an alkaline earth metal nitrite or 
alkaline earth nitrate is used. 

Example 16 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the Scuae as the gasser 
composition of Example 1 except that the thiourea 
accelerator was replaced by an ecjuimolar quantity of urea. 

The gassed water-in-oil emulsion explosives 
formulation produced was almost indistinguishalDle from that 
of Example 1 etnd after 3 days there was no evidence of 
emulsion breakdown or crystallisation. 

Exaunple 17 

The water-in-oil emulsion of Example 1 was mixed 
with a gasser composition which was the same as the gasser 
composition of ExeuQple 1 except that the thiourea 
accelerator was replaced by an equimolar quantity of 
ammonium thiocyanate . 

The gassed water-in-oil emulsion explosives 
formulation produced was almost indistinguishable from that 
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of exaaple 1 and after 3 days there was no evidence of 
eiBulsion breakdown or crystal lisat ion. 

Rxninple IB 

The water- in-oil emulaion of Bxample 1 was mixed 
with a passer cooposition v^ich was the same as the fyasser 
composition of Example 1 except that the thiourea 
accelerator was replaced by an e<iuimolar ^entity of sodium 
iodide . 

The gassed water-in-oil emulsion explosives 
formulation produced was almost indistinguishable from that 
of Example 1 and after 3 days there was no evidence of 
emulsion breaJcdown or crystallisation* 

Examples 1, 16, 17 and 16 illustrate that 
different accelerator species can be used successfully in 
the gasser composition of the current invention. 

Bxample 19 

A gasser solution was prepared by the same method 
as described in example 1 but with a higher concentration 
of ammonium nitrate and sodium nitrite. The gasser 
composition had the following composition; 

thiourea 3.0 wt% 

soditim nitrite 8.6 wt% 

ammonium nitrate 10.0 wt% 

water 78.4 wt% 

The mole ratio of sodium nitrite to ammonium 
nitrite was maintained at 1:1. Small bubbles rapidly 
formed in the gasser composition, indicating self -gassing. 
The gasser composition was added to the water-in-oil 
emulsion in the manner described in Bxample 1. 

After mixing the gasser composition with the 
emulsi n immediate, rapid gassing of the emulsion was 
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observeid. After 2 0 minutes, a sample of tlie emulsion was 
viewed by microscope. No evidence of emulsion breakdown 
was observed. After a further 2 weeks another sample of 
emulsion was viewed by niicroscope. No emulsion breakdown 
or crystallisation was occurred. 

The final density of the gassed water-in-oil 
emulsion was 1,00 g/cc as compared with 1.14 g/cc for the 
ungassed water-in-oil emulsion. 

A comparison of Exaunples 1 and 19 shows that an 
increase of concentration of nitrite and amm onium species 
in the gasser composition increases the rate of gassing and 
provides a gassed water-in-oil emulsion of lower density. 

Example 20 

A gasser composition was prepared by the same 
method as described in exaunple 1 but with a mole ratio of 
sodium nitrite which was 50% higher than that of aumaonium 
nitrate. The gasser composition had the following 
composition; 

thiourea 3 , 0 wt% 

sodixua nitrite 10,3 5 wt% 

ammonium nitrate 8.0 wt% 

water 78.65 wt% 

The mole ratio of sodium nitrite to ammonium 
nitrate was 1*5:1. The gasser composition was added to the 
water-in-oil emulsion in the manner described in Example 1, 

After mixing the gasser composition with the 
emulsion immediately, rapid gassing of the. emulsion was 
observed. After 2 0 minutes, a sample of the emulsion was 
viewed by microscope and no evidence of emulsion breakdown 
was observed. After a further 2 weeks another sample of 
emulsion was viewed by microscope. No emulsion breakdown 
or crystallisation was observed. 
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A coiBparison f Exasple 1 to Example 2 0 shows 
that where the mole quantity of nitrite exceeds that of the 
aomoniuA species there is no adverse affect on the 
stability of the emulsion in the first few weeks of 
storage . 

Krwmple 21 

A gasser composition was prepared by the same 
method as described in example 1 but with a mole ratio of 
sodium nitrite which was 50% lower than that of ammonium 
nitrate. The gasser composition had the following 
composition; 

thiourea 3 . 0 wt% 

sodium nitrite 6.9 wt% 

ammonium nitrate 12 . 0 wt% 

water 78.1 wt% 

The mole ratio of sodium nitrite to ammonium 
nitrite was 1:1.5. The gasser composition was added to the 
water-in-oil emulsion in the manner described in Example 1. 

After mixing the gasser composition with the 
enculsion immediately the gassing reaction proceeded in the 
same manner as described in Example 1. The gassed emulsion 
produced was almost indistinguishable from that of Example 
1 and no differences in the gassing rate or extent of 
gassing was observed. No emulsion breakdown or 
crystallisation was observed even after 3 weeks of storage. 

A comparison of Bxanple 1 to Example 21 shows 
that increasing the mole quantity of the ammonium species 
so that it exceeds the mole quantity of the nitrite species 
has no effect on the gassing reaction. 

Comparative Example 1 (CEl) 

Preparation of the Comparative Gasser Composition 
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A gasser composition of the prior art was 
\— prepared by dissolving soditim nitrite and sodium 

thiocyanate in water. The gasser composition had the 
following composition; 
5 sodium nitrite 23.0 wt% 

sodixim thiocyanate 23.0 wt% 
water 54 . 0 wt% 

A water-in-oil emulsion prepared according to the 
method and composition of example 1 was kept at a 
10 temperature of 55-60^C as 0,4 wt% of gasser composition was 
stirred into the emulsion over a 30 second period, 

%Q After mixing the gasser composition with the 

emulsion a short induction time followed before reasonably 
W rapid gassing of the emulsion was observed. After 20 

^ 15 minutes, a sample of the emulsion was viewed by microscope. 
^£ No evidence of emulsion breakdown was observed. 

Q 

^ The density of the gassed water-in-oil emulsion 

was 1.00 g/cc as compared with 1.4 g/cc for the ungassed 
water-in-oil emulsion. 

20 A further sample examined by microscope 24 hours 

later revealed some crystallisation but no emulsion 
breakdown. After a further 3 days another san^le of 
emulsion was viewed by microscope. A large amount of 
emulsion crystallisation and breakdown was observed. 

25 Comparison of CEl and Examples 1 and 19 shows 

that the gasser composition of the current invention can be 
used to achieve emulsion densities e<iuivalent with those 
obtained using the gasser composition of the prior art, 
however the gasser compositions of the current invention 
30 are less prone to causing crystallisation and emulsion 
breakdown. 
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F.Tumpla 22 

Two Bamples of PiBSA based water-in-oil eonxlaion 
of Bxaa^la 1 ware mixed with prilled aiamoiiiuxi nitrate in a 
ratio of 70:30 by weigbt. The gasfler coavoflitiona of the 
current invention were then added to the prill doped 
emulsion and the gaaaing rate measured. The gasaer 
composition of the prior art as described in CSl was added 
to a separate sample of 70:30 prill doped water-in-oil 
emulsion of Bxaaple 1 and the gassing rate measured to 
provide a cosnparison. 

The gasser compositions used were of the 
following composition; 

Component Example 22 < a) Example 22(b) 



Sodium nitrite 13.2 wt% 

Ammonium nitrate 17 . 6 wt% 

Both gasser composition comprised 5 wt% thiourea 
as accelerator and water was the solvent. The results of the 
gassing measurements are recorded in Figure 1 . 

It is clear from Figure 1 that the gassing rate 
of the gasser cooposition of the current invention is 
equivalent to that of the gasser cooposition of the prior 
art . 

Bxample 23 

The water*in-oil emulsion of example 1 was mixed 
with prilled ammonium nitrate in the proportions of 80:20 
by weight, emulsion:prill . Differing amounts of a gasser 
composition of the current invention was added to four 
samples of the prill doped emulsion and the densities of 
the gassed emulsions were measured over time. The gasser 
composition of the prior art as described in CBl was added 
to a separat sample of the water-in-oil emulsion of 



21.0 wt% 
24.3 wt% 
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example"' 1 and the density of the gassed emulsion was 
measured over time to provide a comparison. 
The gasser composition of the current invention was as 
follows ; 




V 



5 Component Example 23 

Sodium nitrite 18,0 wt% 

Ammonium nitrate 21*0 wt% 

Thiourea 3,0 wt% 

10 Water 58.0 wt% 

^ The proportions of gasser composition added to 

the water-in-oil emulsion were as follows; 
m Example 23(a) 0.75 wt^ 

J Example 23(b) 1.5 wt% 

15 Example 23(c) 2.0 wt^ 

B 

The gasser composition of CEl was added at a 
proportion of 0.5 wt%. Density measurements using higher 
p proportions of the gasser composition of CEl could not be 

H determined because of emulsion breakdown and phase 

20 separation. It was noted that none of the emulsions gassed 
with the gasser composition of the current invention 
displayed any signs of emulsion breakdown and after 1 month 
of storage microscopic examination of Scunples of the gassed 
emulsion showed only a very small amo\int of 
25 crystallisation. 

The results of the density measurements are 
recorded in Figure 2 . The results show that the gasser 
composition of the current invention cem reduce emulsion 
density well below 1.0 g/cc at a rate which is comparable 
30 with the gassing rate of the gasser composition of the 

prior art. The results also show that the density of the 
gassed emulsion product cein be controlled by adding 
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diffar«zit proportions of the gaaser conpoaition of the 
currant invention. While the invention has been 
explained in relation to its preferred eabodiaents it is to 
be understood that various modifications thereof will 
become apparent to those skilled in the art upon readina 
the specification. Therefore, it is to be understood that 
the invention disclosed herein is intended to cover such 
modifications as fall within the scope of the appended 
claims . 
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Same a« Example 
1 but the level 
of SNI is 
increased from 
6,9 wt % to 
10.35 wt% 
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AN = airanonixim nitrate 

AP - eunmonima perchlorate 

AS = aixunoniiim sulpliate 

AT = aminonixxm tiiiocyanate 

MNI = magnesixim nitrite 

PNI = potassium nitrite 

SA = sodixjun acetate 

SI = sodium iodide 

SMC = sorbitan mono-oleate 

SNI = sodium nitrite 

ST = sodixim ttiiocyanate 

T = thiourea 

U = urea 



